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Fiom the must aiicit'iil tiiiics {\\r clear ami coot spriiuj 
has been prtlcrrcd to the histeless water ol' the hike 
or rivei'. A few decades ago people hardly knew what a 
spring was, they hetieved that it belonged to a niysterions 
underground Ncin \s tiiclr, IVoni niei'e caprice, chose to come 
up to ttic surface, and the ])ers()n lliat succeeded in getting 
walei- in a wctl liad, by some pecuhai- chance, just hit on 
such a Nt'in. 

As long as it was oidy a (ineslion of [yrocuring the 
small ([uatilities ol" water, whicti were recjuisite iuv the 
modest hygienic wants of tlie past centuries, it was, as 
a rule, not diflicult to find sufficiently rich underground 
veins. Even in considerably large towns each owner of 
a house had in tiis yard a well and close i)y the unavoid- 
able latrine ISctwrcn these tliere was a close comiection, 
the result of wliicti is ctiaracterized by I^iebig s well-known 
drastic saying, ahal Itu' urine of wells in towns was often 
considerably mixed up with ground-water . At last this 
state of alVairs could no longer be tolerated and, the opin- 
ion of ttie people becoming more and more enlightened, 
tluy began to demand, that the towns should be su|>plied 
willi unpolluted and serviceal)le drinking-watei'. I'irst of 
all they made use of such springs, the water of wliicli 



could be led by gravitation to tlie towns and there he 
distributed from the jjublic fountains. Sucli an old water- 
work, partly renovated, has for the last 100 years existed 
at Goteborg, where the splendid water of Kalleback-sprin^ 
is distributed by a special system of pipes and fountains. 
Where they had no natural springs, they sought for under- 
ground veins. In respect to the (juality, these old water- 
works were often excellent. But as, later on. people wished 
the water lo be led into the houses and manufactories, 
the springs were no longer rich enough and many wells. 
suidi at random, proved such a failure that people no 
longer believed in using ground-water for larger towns. 

A reaction now took place in favour of the liitiuTto 
despised lake-and river-water, the quantitative superiority 
of which had to cover the (jualitative defects, (ireat and 
expensive works were erected for purifying and pumping 
up such water. At first they were satisfied to purifv the 
wal..r by precipitation, but it was soon found necessarv 
to supplement this process by filtration through sand. As 
artificial lilter-basins are very expensive, both to huikl 
and 10 work, natural filtering, if possible, was empl„ve<l 
which IS based on the following principle. 

Along the shore of a river, the bed of which consists 
of sand, a collecting-gallery is place,! with an open bottom 
(see l.g. 1), or a collecting-pipe with or witiiout wells 

By pumping f.-om the gallery its water-le^■el sinks be- 
low the surface of the river, and this dinerence in the 
water-level causes the inllux of the river-water throum, 
ti>e sand-bed, which acts as a natural liiter: the slime 



deposited on the surface of th 



e sand being, according to 



calculation, carried olT i)y the stream. Any influx from 
the land-side was not taken into consideration in these 
lirst water-works. 
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A niimher of such water-works have heen constructed, 
Iml only very lew have answered lo expectation. Among 
these may be mentioned the entirely new water- works in 
the liavarian town Schweinfurt on-the-Main, which river, 
;il this spot, has an okl weir built half across it. Above 
the weir there is a permanent stream of water from the 
Main into the shore, where it passes under the town and 
again Hows into the river lielow the weir (Fig. 2 . 

At the examination made it was possible, in the ob- 
ser\ation-wells, clearly lo follow the successive changes of 
I lie water from river- water to ground-water and the [)ump- 
ing experimenls proved, that the capacity of the stream 
exceeded the needs of the lown. The delinite works con- 
sisted of wells, (>Iaced at a sufficient distance from the 
shore to enable Ihem to give real ground-water. As the 
weir is several hundred years okl, the capacity of tlie 




3cbweinfurt 



river to keep the bed clean can be considered as clearly 
proved, and there is no fear whatever of the ground- 
water falling olT so long as the natural fdter is not more 
strained than hitherto. 

But the greater part of such works have, as before 
mentioned, been unsuccessful in consequence of the pores 
of the filter-bed getting gradually filled up by slime, which 
the current of the river has not been able to carry olV. 
An example for this is the now abandoned Knii)eror 
Francis water-work» in Vienna, built by the fjnperor 
Francis I. 

Toulouse has also unsuccessful water-works. Here, 
however, the cause was not of a quantitative, bul of a 
qualitative nature. The collecting galleries, placed along 
the Garonne, of which the oldest is nearly 7(1 years old, 
have had to be lengthened in the course of time, but thai 
was nol because of the capacity having decreased, but 
because of the want of water having increased. (See 
Mandoul, Les eaux dalimentation do la villc de Toulouse.) 
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Al the present time all the galleries and wells together 
su[)ply *i(),(KK) eiibie metres of water a day, of whieh about 
half is ground-water, while the other half eonsists of na- 
turally filtered water from the Garonne. The natural speed 
of the eurrent of the river is quite suffieient to tear off and 
carry away the particles of slime deposited at the bottom. 
The capacity of the filter-bed is thus retained undiminished; 
but unfortumately this capacity has been much too great 
from the beginning to be able to produce an efTective pu- 
rilication of the river-water. Although the water coming 
from the land-side is ground-water of a perfectly good 
quality, the water in the i>ipes is rich in bacteria and 
other foul matter whieh, no doubt, come from the Ga- 
ronne. In consetiuence of this annoying fact, it is said 
they are thinking of abandoning all the collecting pipes 
and of building ordinary artificial filter-basins for a future 
daily consumption af 35,000 cubic metres. 

There are, Iiowever, several such works which, al- 
though (fuantitatively not answering to expectation, yet 
(lualitalively have given a result of the greatest importance 
for the technical development (jf water-works. As a rule 
the capacity of tlie collecting-galleries has decreased while, 
at the same time, the quality of the water has improved: 
the temperature has become more constant and its chemical 
(jualities have changed to such a degree, that it cannot 
possibly be attributed to its short underground course from 
the river. Although, from the beginning, no influx was 
expected from the land-side, it became, after each new 
installation, more and more evident that it is just from the 
land-side that the pipe receives its water, when the natural 
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filtering liad ceased or decreased after (he Hver-hed had 
liccoiiie covered with slime. Some distinguished engineers, 
siicli as Diipn,/. lielgrand, Salbach. Ihicm, etc. now |)e<>an 
to study the real nature of the underground water- veins, 
and the result of llieir investigations was a new science 
Hydrology or the doctrine of the origin of ground- water, 
its movements and its ([uality It is now a well-known 
fact, that ynmnd-water streams are running under the 
surface of the earth, and their course can he followed, 
their direction and inclination determined and their capa- 
city calculated with an accuracy, which excludes all risk 
of water-works, ))ased thereon, heing unsucc.ssful. During 
the last few decades ground-waler-works have lli.-refore 
heen huill with the hesl results for towns of hundrcis of 
thousands of inhabitants. While hydrology has .Icxclopcl 
to an exact science, a great many carelullv studied epi- 
demics clearly prove.l. that infection can he sprea.l hv .Irink- 
ing-waler, ,,ollute.l hy certain hacleria. l-x.rv possihililv 
of the ground-water being inhcious is gen,-,.-."llv exch.d.-.l 
Nvhereas nearly every open wal.r n.usl he .-onsidcrd as 
susp.cions. The highly .levelopd art of li|„ali.,n has no 
'lonhl. succeeded in reducing ,1... .lan,.-, lo , „,i„i„„„n, 
but ,1 IS nevertheless a well-kuoun lad, ih:,l . hol.ra ... 

t.vphns hacleria can j.ass Ihn.ugh Ihc ihin s..nd he 

an onlinary lilter-hnsin and the v.,. I,,., ni.cring pl.u,, 
therefore. ,ioes not give the san.e ahsolul, ,„..l... .i.,„ agan.sl 
••M<-m.cs as a rationally huill ground vsal.ruork „-.,- 
m.w/.V .s certainly an effective nuans o( . ,.m,,,Ih. Iv d. s,rov„„ 

='" '".purities in „H. water.hu. ,h. ,.,.., , ,. ..,,..„;„„ 

and ,s. as yet, in an exp,.nu„.n..d ..ag,-: I..- ...■„ 



9 

if river-water can be rendered sterile, there still remains 
the great drawback of its high summer temperature when 
compared with the refreshing coolness of ground-water. 
First after being iiltered, ozonised and cooled, can river- 
water be compared with ground- water; but such a complete 
treatment is, from an economical point of view, out of 
the ((uestion, at least in the immediate future. 

The hygienic, economical, and esthetic advantages of 
ground-water are nowadays so well known, that every 
town, intending to build water-works, should first of all 
try to fill its wants from visible or underground springs. 
Water, running on the surface, should be made use of only 
when careful hydrological investigations have shown, thai 
ground-water cannot be obtained at a reasonable cost. 
The capacity of a ground-water stream is dependent on 
two factors: the extent of the infiltration-area and the geo- 
logical nature of the underground. A considerable stream 
recjuires first of all an extensive territory with a porous 
surface, which absorbs and lets rain-water go through, and 
further a sufficiently thick and porous la3^er of sand or 
rock. If the infiltration-ground is too small, then not even 
the deepest and most porous gravel can give a sufficient 
quantity of water; and if the ground consists of line or 
clayey sand, no real stream can go through, but it will 
get filled to the surface and the filtration-capacity will al- 
most entirely cease, however i)orous it otherwise may be. 

In the Scandinavian countries the ground -water pro- 
spects are generally so unfavourable, that it is often im- 
possible to satisfy the wants of a town of a few thousand 
inhabitants. The cause of this is the peculiar geological 
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formalion of thc»c countrieft. Hrojid and level rivervalkry*, 
filled with powerful layers of sand, do nol ex't%t Where 
the rock doen not appear at the surface, it \% often hidden 
b}' clay or by hard cornpre^MJd, alrnoikt impermeable mo- 
raine-graveL During the glacial periorl, when even our 
highc?«l mountain-top* were buried undf r f^;I;icier», all Wk- 
sand-bedn from older pcrriofh were torn up and crarrifd 
away, being finally deposited in the I5allic, or on lh(- 
plain$( of Northern Germany, After the melting of the ice 
a great portion of the land ^ank, on two different ocea^ions^, 
below the »urfaee of the »ea, and each iiuch submergence 
and the succeeding upheaval carried with it the rinsingn 
and assorlmenl of the moraine- ma5^»e*, as sand or clay, 
of which the latter appears partly on the surface and partly 
deposited between older and younger layers of sand. There 
are districts, containing thousands of s/juare kilometres, 
where the surfaa? consists of nothing but rwrk, moraine- 
beds or clay; where therefore but a ver>' small pf)rtion of 
the rain-water can find its way into the grounrl If ;jI1 
deeper layers of sand are wanting, then the ground-v;»tei 
question must irremediably hie abandoned, 

Hut it may happen that, although the filtration-terri- 
lory is not sufficiently large and the supply of groimd- 
water small, yet the underground condition i m ii ' II 
favorable. In many a valley there is under the clay-cover 
a layer of sand or jierhaps even of coarse gravel. The result 
of the hydrological examination is negative in respect to 
the ground-water-supply being insufficient in consequence 
of deficient infiltration but, at the same time, it has \feen 
proved that the underground current could, under favorable 
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conditions of inlillralion, have yielded a far riclier ground- 
Nvater-slreani. In such a case it should not be given up, 
but reasoned out thus: As it is only the infiltration-(iuan- 
tity which is insufficient, the engineer must assist nature 
with (irii/icial in fill ration. 

If, for instance, the underground iilter-hed conies to 
the surface to the extent of but one hectare, an annual 
quantity of rain-water of, at most, ,'i,000 cubic metres will 
be infiltered there, whereas the surface of the sand could, 
without the least difliculty, dailij pass at least an e([uai 
quantity. If the ground can as easily pass, in a horizontal 
direction, a constant stream of the same capacity, the 
problem would be easily solved by daily leading from 
the nearest river 3,000 cubic metres of water over the sandy 
surface in (fuestion to he infiltered there and changed to 
ground-water. 

The principle is old, but has hitherto only been ap- 
plied on a very small scale and under rather unfavt>rable 
conditions. At Wiesbaden and Renischeid tiiey have led the 
water of brooks into o[}en inlillration-ditches. At (^Jiemnitz 
the water from the dirty river Zwonitz is led partly to a 
lilter-canal, the bottom of which goes down into a layer of 
gravel, and partly to a grassy held which, at certain inter- 
vals, is watered according to the well-known irrig(di(>n 
system for the purification of sewerage-water. During winter, 
when irrigation is impossible, only the filter-canal is used. 
Unfortunately the gravel-layer is much too thin to be able, 
in a horizontal direction, to pass any large ([uantity of wa- 
ter, and infiltration must therefore take place ([uite close 
to tht' wrlls, IVoin which the water is [>umpc(l before it 
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has had time to ^ changed and improved to the desiiahle 
degree. 

Ib the year 188C> Baarath Thiem came forward with a 

project for water- works for the town of StralsiUHi^ leased on 

real ^rctind-w^fer production. From a neigJil>oaring lake 

5-0l> of water were daUr^ by graYilation. 

: over 5 irrigation-liasins of together 3^6 liect- 

and only daring winter, when this sort 

T) kssihle. continual filtration w^as to take 

-ioQ-basin. Here^ however^ the layer 

acientiy deep to yield a collected 

id to be pumped finom wells close 

t fell through, for the cautious 

-hat >the water would ran off 



taken up the idea to produce artificial 

>nger by irrigation but instead by 

-^ natural filtering through the 

— and no doubt he is right 

y so many establishments, based 

failures, was the deficient examina- 

rirrent and the admissible infiltra- 

und in a certain relation to each 

increases with the former. As long as 

d is not increased above a certain limit, 

liie current is snfificient to prevent the slime 

the sand, the pores of which are thus kept 

open: otherwise the filter must, sooner or later, become 
stopped. Only alter long pumping-experiments and careful 
observations of the quantity of gn>und>water can a correct 
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idea be formed coneerning the permanent filtration-capacity 
of the river-bed. But of quite as much importance for 
Thicni is Ihe quahtative side of the matter i. e. the capacity 
of llie natural filter to give a ground-water perfectly free from 
bacteria and of a constant temperature. Such a thorough 
change is, of course, not suddenly obtained by in filtering 
the river-water, nor even by a few days continued filtering; 
it re((uires a certain lime i. e. a certain minimum distance 
from the shore and the collecting pipe or wells. The longer 
the distance, the more complete is the purification, but also 
so much the deeper must the surface of the water be sunk 
to get the necessary speed for filtering. To solve all these 
iniijorlant ([uestions much more extensive examinations 
are requisite than for determining the capacity of a natural 
ground-water stream. As far as I am aware, no other 
water-works have been planned in this way and carried 
out than the new water- works at Essen on the Ruhr, the 
building of which has been led by Thicni personally, and 
of which one can therefore expect the best results. 

In Sweden, where the unfavorable conditions of natural 
infiltration, more than elsewhere, necessitate the artificial 
increase of the ground-water streams, the irrigation-method 
is less suitable than in countries with a milder climate, 
although it can, of course, with advantage be used during 
those seasons, when the ground is not frozen. The usual 
method, what is called the natural filtration through the 
river-bed, can only rarely be made use of (see page 17), 
for our rivers fiow, as a rule, through rocks, moraine- 
gravel, or clay. The most suitable for our country is the 
clc((i}s(thle ii}/il(ralion-b(tsin, i. e. a basin built in the porous 
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ground Willi siifrnirnt tK'i)lh ol water lo pivvcnl Ihe firezing 
of the sand and with snfiirient surface lo limit the number 
of cleanings lo a few per year. The i)rineiple is exphiined 
bv the annexed sketch of the scheme. 




Fur. 3. 



The bottom of the basin is placed, if possible, above 
the natural ground-water level and is covered with a layer 
of line and uniform filter-sand. The surface-water which 
is first led in, goes freely through the bottom, but soon 
enough the increase of the ground-water produces a rise 
of its level and continual filtermg begins. In consequence 
of the ever increasing deposit of slime the inliltralion- 
resistance becomes every day greater and the level of the 
water in the basin rises^ in proportion to the level of the 
surrounding ground-water. AMien this dilference in height 
— h in the sketch — has reached a certain maximum, 
say one metre, then it is time to clean the basin: the in- 
flux is stopped, and the level of the ground-water sinks 
below the surface of the sand, which is cleaned exactly as 
in a usual artihcial lilter, after which the water is admitted 
and the basin again operates. During the short time this 
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process demands, the diminished (|iianlity of ground-water 
is replaced by the water accumidated between the basin 
and the well. If the inliltration is divided among several 
basins, one of them can be cleaned while Ihc others 
continue U) operate. 

An inliltration-basin, constructed and managed in this 
way, should retain its undiminished capacity for many 
decades. There are examples of artilicial lilter-basins which, 
under the most unfavorable circumstances, have been work- 
ing 30—40 years with great speed of filtering and irre- 
gular care, without having ever been aired or received 
any other repairs than the usual scraping. An inliltration- 
basin, built in suitable ground, which works with a uniform 
and low rate of filtration and is always cleaned in good 
time, is as little exi)Osed to getting tilled up with slime as 
a usual modern filter is, and can just as easily be provided 
with a new sand-bed of the usual dejjth by digging uj) the 
bottom. 

The doubts, often expressed with regard to it, seem to 
me as little justified as the fears at Sir(tlsiuul that the water 
would run olT in the sand». For if more surface-water 
is infiltrated than is used afterwards as groimd-water, 
then the water-level below the wells, in the direction of 
the stream, must also be raised; when on the contrary, 
the wells give more water than is infiltrated, the capacity 
of the ground-water stream is diminished as also its depth, 
and the surface sinks below the wells. An unchanged 
ground-water level proves that the infiltration and consump- 
tion completely coincide witli each other. By daily observ- 



ing llic liL'i-iit ol Ihc water below Ihc wells (jne cnn follow 
Ihe course of inliltralioii and re-nlate il at will. 

The principal coiKiition loi a -ood ivsiill is l(» Wnd 
tlie right distance between Uic basin and the well. Thv 
mechanical purification of the water and the excluding of 
the bacteria takes place during infiltrati(.n and in tli^ upper 
layer of sand; but for the e(|uali/ing nf !hr temperature 
and the chemical changes, a eerlain time is re(|uired i. e. 
a certain distam-e between tlu- basin and (he udl ,sec page 
13) and the longer the distance is wind, llu water has lo oo 
through, the greater and more valnablc bectnnrs the under 
ground nscrxoir, which can lu made nsr of when Ihr 
*^^*" leaned, or when an oet asional increase,,! 

water ha pumped up Hnt on Ibc other hand it is 

of the greatest iujportance that the inc hnaluMi of tlie surlaee 
Of the water, between the basin and llu- wc-ll. be snUicieut 
to overcome the nsislanee in the pores II the ddlerenr.. 
in height is limr s important not t<. maK.- the d.s- 

^'*"'^'' ^'''' ^'' "K' inclination b. .nsullieieut. the 

"ntural lilter-bed caimol give passage to the desned .p.an 
biy. To determine the right inclination pureh Iheoretieallv 
" I'^rdlv possible. :uMl the only correct nuthod ol aseer 
periment on as large ;, scale as pos 
'g <»ut (or the purpose. 
"•"^ ^^' see lliat the artificial increasing of gromid 
i^ -n,n combined with considerable difficulties, and 
'l»^»^Mhle, without a previous c xamination. to 
beforehand the quantitative and the (p.al.tal.ve 
In som. ||,e geoh,gi(:,| birmations are so 

I lie largest towns can in this manner 
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be supplied with ground-water of an excellent quality; in 
other cases, such as at Chemnitz and Stralsund the idea 
had to he given up of completely purifying the water, and 
even then the quantity received was very small. 

Several Swedish towns will probably, in the immediate 
luture, be supplied with artificial ground-water. For the 
town of Lnled a plan has been made which is based on 
natural liltration. The water is collected in wells near the 
bank of the River Lule, which here forms a wide enlarge- 
ment with a gently sloping sand-bottom. There is, there- 
fore, no current in the river, but the natural liltering-surface 
is cleansed by every wind, when the waves tear up the 
sand and carry off the slime. If this calculation should 
prove false, an intiltration-basin will be constructed on the 
land-side of the complex of wells, and the water will be 
led to it from the river. 

The same principle will probably be applied at Jdn^ 
JwpiiKj, where the water will be taken from wells cm the 
shore of the Vettern. It is a well-known fact that, during 
every storm, the water becomes turbid as far out as sever- 
al hundred metres from the shore by sand torn up from 
the bottom, and thus the problem of preserving the per- 
manent capacity of a natural fdter is solved in the very 
best way. 

The town ot Uikkviilla is supplied by gravitation from 
springs, the capacity of which is far from sufficient. The 
rain-water district consists of a broken mountainous land- 
scape and is sufficiently large to yield the annual quantity 
of water, which the town will in future require. To be 
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ablr to collc'cl and use nil this (|uanlily, the airani^inuiil 
shown in Fig. 4 is proposed. 



Reservoir and infiltration basin 




Clay 



Fiji. 4. 



Above llu" weir an inlillr;ilioii-hnsin is lornit'd ol sul- 
licii'nl size to ('(|n:di/e tlic iidhix nnd el'lltix \ari:itions and 
situated high enough lo l>e made use ol as ;i sei \iee resei- 
Muv. Tire wnler ol" the l)rook is led thr()u;.ili :i precipit;i- 
tion-ljasin, which is intended lo Irer the inliltiiiliuii hasin 
Ironi the slime, then sinks down through tlic pftions s;Mid 
holtoni and passes lo the wells, wliieh are jtecssiltli' liom 
a hank huilt across Ihe l)asin. The strip ol shore, situated 
hclwcen high-water and low-wati r. is lnri;e enough l<» nm\ 
cleansing hul once a yeai'. during which pmccss :i hi'oad 
ho!l<»ni-slrip is scraped awa\ und< t the sinlacc ol Ihe w;i- 
Iciv Any it-al gnnnid-w atei- production does not take place. 
allhough the purification ol Ihe wiitir and the chan;;e of 
teni[)erature will, no (hnilU. h<' complete in ( (»nse(piencc ol" 
llie considerahle depth and txlcnt of tin Icisiri and tin- 
sand-bed. 

In the towns ol (,('jh\ I\ilun. lioras l\(ilintir, :ind //r/ 
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singhoiy grniiiul-water streams are made use of, the capa> 
eity of whirh will, sooner or later, have to be inereased 
;irti(ieialiy, and at (idfchoifj an establishmeiil has been at 
work for the last IS months, Ihe priiieipal arraiii^i'menls 
of whieh deservi- lo he deserihed. 

(wiebonj is situated on the (iota i:ii, a lew kilometres 
above its outlet into the Kattegalt. The valley is formed 
by strongly marked niounlain ranges, and the bed of the 
river eonsists of blue elay. Single sand-hills rising above 
the ground indieate, however, Ihat the elay rests on sand, 
and in 1890, by the adviee of Sallxich, a eomplete hydro- 
logical investigation of both this and the neighbouring val- 
leys was made, and the existence of an artesian ground- 
water stream under the clay of the (iota Elf was establish- 
ed (Figs 5 — 6). 

A calcuhilion of the ([uantity was not made, for as 
the ground-water contained as much as 200 litre-milligram 
chlorine and 4 Img ammonia, it was considered unfit for 
drinking-water both by Salbach and other experts. Two 
ordinary lilter-basins were built for the ])urillcation of the 
water from the river and in llie plan lor enlargement, 4 
new basins with a daily capacity of 11,500 cubic metres 
were included. 

In the year 189o, however, the ground-water (pieslion 
was again investigated. The opinions about the (piality of 
good water for water-woiks had now undergone a consider- 
able change, and they were no longer afraid of chlorine 
and ammonia in such a ground-water, lienewed investi- 
gations, however, gave the result, that the natural ground- 
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BASSIN DUOOTA ZX'T 



Longitudinal section 







BASSIN DU OOTA ELF 



Transversal section 




waltT supply is only 2,()(»n cubic niclics in 24 hoiiis. 
an insigniiicanl rraclion oi Ihc (piaiitily n'lpiiicd. 

Insteatl of now ^ivini; up all hope, cxptriuicnls were 
made artificially to increase the ca[)acily of I he ground- 
water stream. Unto a layer of sand, risint; above tiic 
clay, M'hcre the surface of the Tree ground-water stood at 
a level with the artesian level on tire bank of the rivei' 
(Fig. 6), water was led for scveial months uninterruptedly. 
and. on account of tlie fa\(>rable results obtained irorn il. 



21 

a plan was made up lor Ihc production ol permanent 
i;round-\vater, which installation has been working since 
the auliunn of 1898 (Figs 7— 8)=^ 




I Pumps O 



Wells 

tit/ 



Infiltfation 

basins 




Vi'l. 8. 



The whole surface of the inliilration-basins is about 
0,000 s([uare metres. Their jjottoms are 0,5 metre under 
llie surface of Ihe natural ground-water or + 4,5 (Fig. 6), 
and the water-surface stands at + 0,5 in free connection 



riu' drawings aiT exhibited in Paris. Section for Hygiene. 
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with Ihe older filler-basins at the piimping-slation. At 20(» 
metres below the basins the ground-water is collected in 
20 wells and runs off by gravitation io a pump-well near 
the engine-house. The ground-water level is, on an aver- 
age, + 3,5 between the wells, and in an observalion-well 
sunk near the pumping-house + 4,'): the natural water- 
level below the complex of wells has, therefore, been sunk 
0,5 metre or 10 per cent. 

As the supply of natural gn)iin(l-\valer, 2,(K»0 cubic 
metres in 24 hours, corresponds with a pressure of 5 me- 
tres, the 10 per cent decrease of pressure represents a de- 
crease of only 200 cubic metres, which may be totally 
disregarded. Every droj) of the infiltered water thus goes 
to the wells. 

The difTcrence of lui,i;hl between Ihc wiihi-lcvels in 
the basins and in the underground, at the beginning of the 
lilter-period, reaches 0,15 metre and is afterwards increased 
in the course of 2 — 3 nu>nths to 0,7^1.n metre, after 
\\[ii(4i the basins ai'c c4os('(l. euiplied. Awd cicani'd. Thr 
present capacity of the w(41s is only (i,r)(»n cid)ic metres, 
representing a rate of inliltralion af 1,3 mehc In ordei* 
to be able to gel Ihe 11. .")()() cubic metres icijuiicd in Iti- 
ture, either new wells mnsl be sunk, or the capacity of 
those now existing must he iiu-reased by siidving the level 
of the water still lower, l)y \\hi(4i Ihc gra\ ilalton-condiiil 
is changed to a suction-pijjt . 

In a ((ualitalive res])ect the lesults lui\e been fully 
satisfactory. The wnler is clenr as ci'yslal nnd as ^ood in 
taste as the best natural spiing-watei-. The (piaiilily of chlo- 
rine, wliicli in the middle of llu' nalural sheam amounts 
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to 2(Ht Inii;. is in the wells only 90 lni<^, and the amount 
n\' ammonia has never exceeded 0,6 Img. The temperature 
varies between + 8 C. in summer and + 10' C. in win- 
ter, and the amount of bacteria, in about lialf of more 
than 100 samples, has been = 0, which proves that the 
water is completely sterile. 

riie natural filtration has thus been sufficient, in this 
case, to change the frecjuently impure and slini}^ river- 
water into a spring-water of the best quality. The artiliclal 
ground-water is even better than the natural water, as it 
contains much less chlorine and anunonia. The reason of 
this is, probably, that the artificial stream between the basins 
and the wells has relatively but a short time been in con- 
tact with the deposits in the lilter-bed. 

Even if this establishment which, in certain respects, 
is the first of its kind, suiTers from several imperfections, 
it has nevertheless proved the possibility to purify and 
improve river-water by artificial ground-water production 
much better and more cheaply than with the aid of usual 
filtering. 

It is my conviction, that the artificial ground-water pro- 
duction can be used to great advantage at several water- 
works, and I take the liberty of giving a few examples. 

The new water-works of Slockholnt are to be placed a 
few kilometres west of the town, on the shore of Lake Ma* 
laren on an ^"as"' which, towards the north, continues over 
Eckcr Isle and the opposite shore of the Mfdaren. South 
of the Malaren and a few metres higher, there is the deep 
and clear Bornsjon (Fig. 9^ 

The intention is. first to use the ground-water supply 
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Infntraribn 



of the "as*\ then fil- 
tered water from Borii- 
sjon, and in tlie hist 
instance water from 
the Malaren which, at 
certain times, is grayish 
and difficult to purify 
by usual liltratiou. 
"Asar, which are ordy 
found in Scandinavia 
and othei* formerly ice* 
covered cou utiles, are 
gravel deposits from 
glacier-rivers, in tun- 
nels undi'i- Ihe ice,aud 
liave tlius got the 
characteristic form of 
ridges. They consist 
usnallw at the top. of 
line sand and. nndir 
it. of coiuse gravel and 
cobbles and iwv bed- 
ded ill siind ;m(i l;iyrrs 
*tl chiy from Ihe later 
subinergeiiee of (he 
country in Ibr mm 
riie "iis in (piestion 
bas. bow ('Mr. ;i rain- 
water territory fli:il is luncb tfTo sin;ill to snpplv ukhc tli:nj 
a fraction of the ( ;i){ iil.ited (piautitx ol \\;itei. ;Mi(i Ibr s;iinr 
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Fig. i>. 



is the case with Hornsjon, for which reason the greater 
part must he taken from the Malaren. 

In this case it seems to me most suitahle to sink the 
level of the ground-water of the "as"' by wells on the shore 
of the Malaren l)elow the surface of the said lake, when 
the natural liltration will soon cease in conse([uence of 
tlie deposit of slime at the bottom of the lake, and then 
increase, as required, the supply of ground-water by arti- 
ficial filtration, first from Bornsjon and then from the Ma- 
laren. If the level of the ground- water can be sunk deep 
enough, it is not impossible, that the water from the Ma- 
laren can he led in by gravitation into the as on the side 
of Ecker Isle, and the wells will thus receive influx from 
both sides, whereb}^ the capacity of the filter-bed will, of 
course, greatly be increased. 

Hehingfors is supplied with tiltered water from Vanda 
River which, at times, is coloured a disgusting brown and 
much sullied. To the west of the water-works the brook 
is cut by an »as (Fig. 10). If the water of the brook was led 
into that "as" at a and again pumped out of wells at l\ it 
would prtdiably be purified much better than it is now. 

At St. Petersburg, where the water of the Neva no long- 
er satisfies the wants of the town, hydrological investiga- 
tions are being made at Dudersdorf, but the results hav- 
ing been anything but satisfactory, il will he necessary to 
make use of filtered water from Lake Ladoga. Is it, 
not possible in this case, to increase the capacity of the 
ground water stream by artificial infiltration? 

The existing water-works for the supply of London 
are no longer able to satisfy the increased wants of the 
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great metropolis, and the plans for extension, which have 
hitherto been ijrodueed. are not satisfactory, either IVoni an 
economical or technical i>oint of view. Not even the capa- 
city of the Thames is consideird sunicicnt wilhoiil the 
help of enormous reservoirs to fill the want durini; dry 
summers. The uppermost hiyer in the valley of the ri\ei 
consists partly of clay (London clay), hut otherwise the 
«;round consists of sand and below that ot chalk to a depth 
that can auTOunt to 'M)0 metres. IVom which comes the IjcsI. 
lull, unfortunately, the suiallrst part of the w aler-supply. 
Here too. it oui;ht not to be im|H>ssii)le to product- 
ground-watt'i- by artilicial inliltration in the layer of sand, 
which is proved to be in direct hydraulic connection 
willi llie rhalk It tan \n- dont'. lor instancf, by sinkinj; 
wells alonj^ a collectinj^ pipe 'Jn kilometres Itm^. and by 
the infiltration lieini; divided bctwi-en two swlcuis of the 
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sanii" dimensions, id :> kiloniclrcs distance from the wells, 
as shown in Fig. 11. 

InfiUraHon 
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If the depth of tiie ground-water is taken at 1(K) 
metres and the space filled wilh water only at 2,') per cent 
ol" the Nohinie of the ground, each ground-waler stream 
gels a tree sectional area of 5, ()()(> scpiare metres and can, 
wilh a speed of 20 metres a day — 0,5 metre reckoned for 
the whole section — give one million cubic niclrcs or half of 
the calculali'd want for the future. As the length of way 
for the water is 5,0(»0 metres, the store of the two reser- 
voirs between the basins and the wells cannot be changed 
in less than 250 days, and the variations in the ([uantily 
of inliltration are then of very little importance. 

If it is not possible, out of consideration lor the inter- 
ests of llie private companies, to carry out a [)lan, comnuui 
for the wh(»le city, it ought not to be dilVicult to increase 
the capacity of each system of wells by similar measures. 

Aiuslcnhun and otluT Dutch towns get ground-water 
from the downs bv long collecting conduits Fig. 12i. 
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Irrigatton 



Dovs^ns 




Sabi« 



Tlir w ati'i-supply is drli'i iniiird |>\ tlir r\tiiil ol Ihr 
infitti atioii'lcrritorv ;in(l is ^^cih-i :ill\ (iilciihilcd |c» jinont)! 
to .')() \)VV CClll ol llic i;iill \\;H([ liislr.id nl Miccrssi \ t| \ 

(Iniwin^ in new iidiiti :ili(ni Inrilotics tl wmild no donhl 
l)e possible UKiinloldlv In hk icisc |n<d>;ihl\ Ims! |»\ hii 

giitioil (he capacitN ol tlif pirsi nl (oiidMits 

A ^iM)l(>^ir:d sfclioii Iroiii sonlh In iioilli lliiniip^h iiftis 
sris shows Ihc lollowin;; lormal ions 'li^ l.'ii 
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I-ifly years aj;o tin* wiuits ol xNalcr ol lius tovsii ( oidd 

limned liy means of arteftiaii wdU in the* layt r of 

sand, but, iu conse<|uenre o( maiiv siahlishiiK nts 

of this kind, the sutfare of the f^round uater lias been 
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which ivasou a new and very expensive establishment has 
been [>uiH to make use of distant springs. Could not the 
matter have been arranged in a much more simple and 
cheaper manner by artificial infiltration in the surface of 
the sand at Hal? 

Al l'i)ul(nis(' they arc thinking of abandoning the na- 
liual lillralion and building artificial filters for the daily 
purification of 35,000 cubic metres of water from the (ia- 
ronne (see page 6). It would be better and cheaper to 
pump 3(*,000 cubic metres into open infiltration-basins and 
Ihiis increase the capacity of the ground-water stream 
from 10,000 to 40,00(» cubic metres. If 35,000 cubic me- 
tres were collected by means of wells, 5,000 cubic metres 
would go to the (iaronne and C(jmpletely stop the stream 
in the contrarv direction. 




In many towns, where the natural filtration gives a 
bad ciuantitative result, the deficiency could be supplied 
by building cleansable infiltration-basins, to which the 
river-waler could be led, either by pumping as in fig. 14 
or bv gravitation as in fig. 15. 




m^i^^T^^^'^^':^^j^^^g^^ 
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In Pdris •^rt'Mt cxcrlioiis ;irc' iikmIc in older lo ixchan^c 
tlic ));mI wnttT IVoni the Seine lor i^iound wnler :ni(i (hey 
I'xlend llie eolleclin;; of \\;Uei' lo nitHc (lisl;nil lerii(ories 
ol' s|)i ings. lint ;il only a shoi! distance llien> ari' exei'llcnt 
valleys. I'nll ol" poi'ons sand and laveis of eliidk. where 
the i4ronnd-\valer streams, now insnllieienl. eonid he in- 
creased by aililicial inlillration M\tn on the haidvs (d" 
the Seine Ihere on<^hl to he no dillicidty in applyini; llie 
same method. lU'hjnind. ht he snre. prcjved. hv direct liials, 
the impossihility of apiilyiii;^ the nsnal nahnal lillratiim. 
hnl the maltei- heeomes. ol eonrse, dilleicnt. when cleans- 
ahK' iidilliation-hasins are nsed. arian<;ed as mi (iis II or 
1.'). TIk hii^lier (icj;rv'*' (;!' haidnf^s in Ihe natiir;.! ground 
water s(em> djsconra^iii^, hnt, (^irin;; thi ;rl;.li\(lv shorl 
lilter-period of i'wv or tw(» months, the water ol Ihr Seine 
woidd prohah'v nol !-a\c Iin.c 1 » 'intrr^o snrh ;i e<tm 
|deie change 

(See Ihe lesnll al (lolclun-^. [)a^. X\]. 

Th. lihcrw.Hks til lUrl'ui aw .,| ih<' h.sl that r\ist. 
hill lh» \ have c(tst enormous snms Now. how<\ir lln \ 
^''111 iiniiiK.l n, f.,|l,.\v fhr evamph oMhe snhni hs w hi( h. 



with Ihc ^n;it(sl sutciss, iiave built grouiid-waUT-works. 
[f, :i((oi(lin- t(» riitiuc invcsti^alions, llu- naliiml groiind- 
wiilcr should Im- loiiud iiisiilTKi.nt of whirh then* is little 
ft'iii 111* smruundin^ cwUnsive sand-litdds otlVr llu' 

\(iy h« si MM :ms Uii itdlltialioii of oiu' can wi'll sav 

uidiiiiiird i|ii;iiililcs o( water IVdiii the Sf)r('(\ or lh»- II:i\rl 

In Vutnut \\\v\ disciissi'd, soin 
thai is, lor Ihr prcsiiit, ;d):mdoiH<i, ol supplriiK'ntin^ 
the cchhiali'd spring wider coiidud hy a ^round-watrr 
streaiii s(Hith-e;isl ol llie town, whicli was roiisidiTi'd to 
li;i\e Imcii lotined chietlv hy iiatural iidiltration from lhi» 
river Sehw;ir/:i during hi;;li w:dei peiiods Among llu* 
itMoineiiitiiecs ol (he phiii were Ihe dirHcullie» to examine 
the eoiishinl (■;ij);rcit\ o(;islre:mi H) kilomeli'es wide, whrri* 
e\eii ;i \vv\ ijowerlul ;jiid Ion- |Mini|)iM^ woidd produce 
an iiisi*;nirK;inl depressi(»n ol the surfaee of the Wiiter- 
levrl 

In tins (iise, lo |nd;;i' hy the n suits ol)tainrd by llir 
htnni-s :ind the ohserx ;di(His ;is (o w aler-li'\rls. llie derp 
nnd porous ^r:i\el he<ls should ;dlow (*onsi(leral>le quaii- 
tiiies ul water lo p;iss 11, in spile of thai, Ihe eapaeily 
he ins(iHieicut, Ihe indie;dions ol nature could he followed 
iuul a peiuKuunt inlilhidion he ;nraiif»ed from the river 
Sehw:n/:i willi live ;issisl;ince of ele;MJs;d)le hasins. (Fig. llSl. 

I'ni- Ihe uKitler of th:il, e\( ii .il a hydrological in< 
vesti*4:dion, they eould Ik rt . wdh advantage, have made 
use ofiuliruiid in tillriition insliad of experiiiieidal pumping. 
I'lu' e;ip:uity ol the n;dmal ground-water stream e oi l>. 
e:ilenl;ited just ;is well |jy the elevation of the wal«'i 
t'nn spnndin- to ;i eertiiin (pi;Milil\ of inlillr:ili 
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the (lc'|)i-('ssi(Hi. piodufi'd ;ifUr piinijtiii;; up :i trrt;iin (|n;m- 
tity. A jirovisionnl inlilli;ition-h;isin is imich Irss i\jk'Ii- 
sivc lo build nnd [a use Hum puuipiui; for s('\t'r:d luontlis 
at llu' rale <>! one ruhif nu'lri' ol waU-i m mh-oihI lioin 
Ihc proNisioiial wi-lls 

\U\[ tin- i^ournu'ls ni X'icnna will uol ptiniii tlu-ir 
i(l(jlizr(i hij^h-sprin^-waltT to he uiixi-d up willi usual 
«^i(»und-\valc'r Tlic capacity ol llu springs is. uufmluunU 1\ . 
very chaiif^c'abli'. depending on tlu uHHini; ol the snow 
in Iht' Al|)s of Sli'it'i niai k IJy daniinn)^ up and sloiiii^ 
the water whicli flows awa\ unused during spring; and 
auluinn. and [)y feeding infiilralion or ii li^ation-basins 
from llie reser\(>irs thus formed, no douhl even the alpine 
j^round-waler slreanis ecudd In- increased 

From the ahoxr it will he seen that llu aililieial pro 
(iuclion «»f f^round-walei . plannrd and earrud out in a 
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rational way may, in rulure, play an iniporlant part in 
the science of sanitary engineering. Which method may 
l)e most suitable to use — imliiral filtration, Intermittent 
irrigation, or in/iitration in cleansatyte lyasins — depends in 
every special case on local conditions. The constructive 
arrangements of the establishment, and the quantitative as 
also the (luahtative results can only be determined by 
careful bydrological examinations. One thing, however, 
can be considereci as indisputable i. e. tiiat surface-water 
can be purified, bij the artificial production of ground-water, 
incomparaply better and cheaper than with usual filters. 



Stockhotm, AprU 1900. 
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